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1 $/c«it*lS2(DfcCD^c5<Dial£CD*2Si*^go 
[if^4] t5iBII2©r?-yS?:^tfi/'J=i>K{k]i 

CD7 ty^7SS3&Ux 1 0" a t oms/c cfeti-C*^ 
C <!: ^J^Fa i T ^>gt*^ 1 ^ i^c«it3}^^ 2 a)46CD*5CDiB 

<0V --/^rSa^Ux 1 0" a t oms/c c*ia-C$)^ 
C i^r^Si-r-Sif^S 1 S/ctSit^:i2CDfc(D4($OiB 

-r-^Xgi. MiBll2<D":' -^'S^^t^vy n>gE^b®C[) 

m^^2<oy V ^4^tf »; n >K{b]^(DSffi<z>^cc{b 40 
^^tSW^^rtf o r ^a^bT SXfi<t» 2 (Df^ y 3 > 

9 1 miiBii 1 'J ^ ymimRzf. m2<D 

iy y n ymOMf)^':^^ ^^^^ ') ^ >KibM-C$>€> Ct4: 
$/ctt8(DteCD4c5(DfBlS©*^(*S 

[it*B 1 0 ] bJibb 1 <oy V mi^tsi^ y =J >Wtit 
mtm2(Dyv %^^tsu n >K<bK>&^?i^?ga:/7 x 

^i/ya>K{bJgr^>^»C<h?:!{$ai*r^»*^7S^/c 50 



« 8 o^oi^otmoy^^mw^mom^-nm, 
[nim 1 1 ] friE^ 1 ^^r^t? y 3 > 

^^^2 ©7 ^;^*^t?i/ y >^{blS^^a^WK:jBfi£ 
$ n/cig«S7^7 y =3 >K{ bMr * ^ c i 

[000 n 

[0002] 

MBKiic oT<-5»i. -ecDfiSS-r ^IBiSHSa^iAt < 
«c o ri/ $ i^mafi^©;^ f - F (DffiT^r^c^/c 0 ^ n 

[ 0 0 0 3 ] -en^rESiT'S.^m© 1 o<b ur^ ^j?;!/^ 

.S^lSOfitbiim^ibTST^ffi*^**). S£ 
Ur t^/c7^7 XvC V DffitC J: ^ V y n >K<bK 
(^bil^*^^J4. 3) (t(T. p-S i j^it^^) 

;&i67 -v^gW:/7Xvi/y n>K^bM (l:b^$2. 
8^4. 3) (OTp-S i OF^il^^) 

[0 00 4] p-S i 0Flgt*7 ->^SiSKJ£:^i5< Urt,^ 
< ifii^hbim^fb-r-Sci^^TtS^^ *>*0 7 7^ 

< -r -5 mw&tmt u r o * 5 ^ 0^ ^ i^-^.*^ 

•cti. J:bi!ll^*^nti<hW§-i^^ntci> (tb^m^ 

3. 3?ia) . 

[0 00 5] iE-CD5^,«S?:J§S9it*'5)/c«?)CD7*7Xvga'j£r 
iUffiSCC-r-Sil^^^ffi*^**]. /ciA« '95 5 
SDM Pi 5 7CCS^$nt:C>So 

[0 0 0 6] cco-ff&rcuy vrnkf^^^i^'tt. 

[0 00 7] *fc7"^<>f;^ibTC©p-S iOF]^4 

^•rsii^, -€-<D]i<D¥a^b«'i:^"c*o. ^op- 
s i 0F)S?r¥iS{b-r-5:^ft<!: Lrib^e^iiisweffi 

[0 00 8] t(±gi?Bl//citeO.^«E*rCMP?:p 
-S i OF7^a-fe;:^-cfiM"r-5>Ci!:(JllKCctJBit^ctt 

[0 00 9] HSl9&^r^^^<fc0lta']U, c 



(3) 

3 

[00101 3 icm-r J: 5 (cy ^ ;u±tcie« 

p-S i 0FM«:J&^-r2>fi^r*So fct^mm^Q 
-3 33 9 1 9tciBtg$nTl>^J:^tc^l©^^^^3 

0 IJ^jaSECR-CVD^r. SIF* . . Ar 
CD30CD:i^X?:figfflL. l:bil^$3. 0O7 7«iga7 
xlO"atoms/c c ^r'^x^N-ffif^CCfcop - S 

1 0FE3 0 2^m)&t^. com^^mitofc^ticc 

[0 0 1 1] 5 6«:Bl>ia^"C*^i^fiCCAr?/e:7 

1. ox 1 0^* a t oms/c cgg^-CTtffcti^CC 

[00 12] CMPr0MSCOacc{i|gt3:03- (b) 
(D^^tCU^. -eb-C. Jgk:7:r hUi^X h^^^jO. 

x^;.^>yjr^CCj:OC. F. . CO. kvilT.^ 20 

[0 0 13] 2 6^. T i mimk^'yl^'rv hWCV 
D^tf t^x ^ ^ :? d-r trr^ 3?;b3 0 3 
OJfJfiS^tf ^CDf^S2(D^3?;l'3 0 4/ti:^«A I 
Cu-T i NCDai^:^^^"-.'^^?:^fC^ ^tl5:7 4-HUS? 
XhCCiO. >'^•5^-^>i^^:^T5o C(Diaf^?:l[pl*fc 
IJljaiHl^OiE-rci^cfcOiaS- (c) (Di^CC^H 

[0 0 1 4 ] C£:-CFWcC0«. p-SiOF®©:7-y 30 

[00 15] tfOX(Dm\tp-S iOFS(D±TtCS i 
O, m^k^tSCti^J:^. p-S i OFIiCDtRStt^W 
^jAtpt^riSo !^^i^^7-9 3 7 2t?«TEOS3^ 

[00 16] mi<oji^)\^4o immk. miov-s 

(p-S iOFS4 0 3) ?:Jf5ffiU. ^O'ik^tcmZO 

p-sio, ®4 0 4^jg^-r-2.:^*^^3tiri^ 

[00 17] CCr«. :/^XvS i OF]i«. Kfitt 

iO, ®^ifSg:^7XvCVDftil//Co 
[0018] COlimi. ii^9iX{tmwm.^v:^ 
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[0 0 19] CCT«S i 0Flg(D7 -^^igS«:7x 1 
0"a t oms/c cV$>i>. mi<Dj^^)\^ArO IJfM 
t*. ii5ffig:/^X'7CVDjSr. S i O, /S i OF/ 
S i O, <DSm}&&in'>t. 04 (a) */c« 

(a)* (<.fntJ:^rj:miRtUZ. CCVMA- (a) 
tCTKTcfc^CCl^r^MCDp-S i OFI®4 0 3:^m^ti^ 

ucupmtmi^'^fcmm^ - (b) ©i^ccp- 

S i OFIi4 0 3 35iSt^taiL/tC^j:ot:L/S^« ^<0^ 

TC^P-S i 0F]g(DKS«rE^±-r4/ce«)^p-S 
i OFS?rp-S i O, BW^y ^«ii<b b:rc<0 

[0 0 2 0 ] tfc. ±iB(Dcfc5CC):c6JSt^/ci?)CC[a4- 
(a) * OJ:^^p-S i OFBi4 0 3^»< bX. m 

2CDSiO, ^4 0 4^:Jf<U/cli^ii. CUP$m 
04- (b) * <DJ:^CCp-S i OF)i40 3«t^ 

^tiib^\trj:hfJ:i.K bf)^bCtiX\t. m^-Ti^.^^^ 

ifflicfcp-s io, s*5A»^ii^rt■rb^l>glm^ 

[002 1] ^(D{^tJ±facDj|§5^i ii^«t:Tjf^--;u 
)^fiS-t:T^5';^JI5^-*»2^^ji'?fJfi£<tm#. Jf^t^ti 
-en-ens 4 (c) (c) ' ©jr^cc^jnaEg^^jf^fiK 
snSo 

[ 0 0 2 2 ] 0 5 CCtiiSffiS:/^ XvC V D ?:ffll^/cii 
vmi^t^t^'J =J>Kil:®*<D7 i^S^WSiit 

?rffll>fc«^©7 -y«?:^tfi^U 3>K^t)ffi*©7 ->;^ 
^Wfi<bKStt<tCDM«^?:n^-r. (1 9 9 5^^<** 

J: 0 ^=fWLmf)^nrj: :hCtf)^Mm DSa^Sr^r 

[ 0 0 2 3 ] » 1 coppm-^^i^. 1 . 2 <b i^mtm 
mmov-s iOFmf)^cuP!imiti^t. mmm^)^ 

A3«r5^-r<bo ^©sft^. ffij±gim*cDp-s iOF 

7k{c$65n-5>i®SL/rUSi^^^7&^±*50. 

mc^b^Mo^^-kifim^t 

[ 0 0 2 4 ] 1^ 2 ommi^At. mmm 2 xm 1 cd^s.«^. 

Tt^^^U^jrC^i^CC. SiOl /SiOF/SiO, « 
igCD*H©P-S i OFji^li<-r-S<!:^^JHi^CO^ 

-5>p-SiO, (DSt^^J^Oi^^JSP^-C*?*. 
[0025] 



(4) 

S 

[0026} 

[002 7 } (1) ^mwmm±icB^:stitcmm.<D 

[0 02 8 } (2) *«»S«±{CjgfiX$n/cSiS[© 
IS® i . BiiiBi2«0:(CjgB£§ n/c^ 1 ©-> 'J n >K{tK 

ifiiem 1 ©'> 'J 3 >mitm±icj^M^titcm i ©:? 5- 

^*^ty-> ') 3 >K^bMifiia^ 1 ©7 -j mi-^tsi^ ') 
3>K{bM±K:j^fS3<aSE*s¥a{bSn/c. m2©K 

att©^ct,»7 f ^*^tJi^';3>K<biiiBiiiBii2©7 

f ^?:^tf '>'J 3>K^b^±{c}gfSSn/c3r2©i/ 'J 3 20 

[0 02 9 } (3) wififSl0yyf^i^ts'y')='y 

( 1 ) (2) ©fe©te©sa*£©¥2i(*KS. 
[0030} (4) miS.m2<0y v^i-^tsiy')ay 

( 1 ) SfcB (2) ©te©te©ietS©¥^ft^B. 

[003 1 } (5) miia^l©7'ySS?:^tfi^';3> 
mitmo-p y^W&ifiAx I 0"a t oms/c c«± 
-C*SCt«r!^®i-f* ( 1 ) S/c« (2) ©fc©*J© 30 

[0032} (6) |rfiEI|2©7-^^?:^tf->'j3> 
m.itm(OV vmWi&^Axl 0"a t oms/c c^SI 
■r*5ct«'!NFSi4TS (1) Sfctt (2) ©te©to© 
iBiS©^@f*SS. 

[0033} (7) *«tjJS«±K:iaii?:jefiJc1-5I 

gt> lli©7 7^?:^tfi^y3>K{bM^jf5fiX-rsx 

gi. m2©®Stt©fel»:7 vm?:^tfS"j3>K{blg 

gSr^ttC t?:#airS*jSf*Sg©S!lj&*ffi. 
[003 4} (8) *^{*S«±«C^?:}gfi£-rSX 
^i. ^l©5^';3>Bt^bJi«:)efiJ«-'SIgi. SI© 

7 V sii^tsiy y 3 bis«r}Bfi3rr 2.xg. s 2 ©« 
stt©rd:t,»7 -^^i^tfi^ >; 3>gE{bii4m-r4x 

g. H5IB»2©7 9«4^tfi^';3>K^bfg©«ffi©* 

«:<b^WS^?f^«:^f o-cTOb1-iXfii^2©ix >j 
3>®^b®«:J&)i£r ixet^stjc ii^at^ 4* 
^(^^^©Slii:^^. 

[0035} (9) l?iem !©•>•; 3 >K^bMSi/> 50 
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13 2 ©i/ 3 >K{b®*i7"7 x-7-> y 3 >K^bigr* 5 

Ci^rl^StifS (7) ttcit (8) ©te©teOie*!5© 
^|i3l(*$IS©8?3g*a. 

[0 03 6} (10) fIi2l3l©7-yJR?:^t?->';3 
>K^blSRC;S 2 ©7 -^IR?rSty>> 3 >K<bl8*SiiSffi 

(7) $fc« (8) ©te©te©iBig©*3?ftgg©iS[^ 

[0 03 7} (11) mism loy ym^istsiyvti 
ymimtm2 ©7 m^k-^tsiy 3 ^K^bn^siDBSB^) 

{cjg(S§ nfcil5ffig:/^Xvi/ ij 3 >K<bis-ca) -S C i 
imWltr^ (7) (8) ©te©*5©fBl£©¥2l 

{*gs©iSji:^ffi. 

[0038} 

■J 3 >B§{bM?rJfM b . i^l^TS 2 ©(g;7 v ^gg© 7 
y^SWT'^Xv-^'J 3>i|{b)l*Jf$fiS^2>Xgi. {b 
^Wt5«(5Fg*S2 ©7 7 lg$W^7 X-7-> '/3 >e<b 
)i©*K:Jg-rXfl4, B'rli©(4g«:Pa?L«:'ff5Xg<!:, 
©S?Lg|JU:^IS?:}f5fiXf SXIii. S2©^)SS2«?r}^ 
fiS-rSXgi?:^;!^. -eh^llHlSWJSSitllSOilT 
Citri^aifS (SI) . */c. ^fil'StCjr-^r 
«. SfcT'^XvS i OFM©aS«:J:-,-Ctt. I^ffir 

[0039} -ecti^tt. S 1 ©^ ^;HSSIJf$RSg|ll 1 

©7-7X-7j/';3>^fb^«:jBfiRL,. friBmiop-s 

iOF^^JgfiSU. S2©p-S iOF^rJ^fiKU. •?■© 
ftCMFMa4ll2©p-S i OF^©*«:JfiTXg 
36{C-e-©±J:'3ll2©p-S i 0,«:J^fi£-riX 

mt. 0fa©ag{cga?L?r?f5xfii^©ig?La56c^M 

^rJgfitrSXgiH 2 ©^MiHi8g?:}Bfi£T.5.Xfi*^ 

^n*iini*?i:«fiss[iii^»)ji-rci*m<t-rs 

(02). 

[0 040} gBiirags*«p>-rfcfe. 

< i fclBi^r^{ciiJti§m**«i' 'J 3 >K{bK<t: O fPiS: < 

i fc/hs i> 7 ^^-> V 3 >K{b]g-caa)iA;?f . s 6 

K. J:®«:®ffi14tt%t,i3!i5Jt^m*©igl,»7 -^^W-> 

•;3>K{t^*5}^fiS§*i-ci^2)©r. CMPSfflii-c^ 
fi{bLrfc(RSK:j:Sltifm^©ii:^fefiC?>>5:t>. $ 
/cgxg©trr^>-;i'Xg^&<'PfiK-ri.B$K:fcjJi©7 v 
Si^w-> 'J 3 >®E<b^T©®s*«ei ^i*^c^,> T:^- 

[004 1} 

[|liS0i|} ;X{c*s?8©I^J60itcot,»-r0ffi«:#jib-c 

[ 0 0 4 2 } a 1 «r#ML-C*S?g©^ 1 ©UteFifrSi 

l^-rs. 01 - (a) ©J:^«:iri©>a';n 0 i±K: 
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>'^^TXECR-CVDStCT/iS5 0 0 0:i->^;^ h 
D-AOmiOp-S i OFSl 02>S:JgRRL. 
JiS 1 0 0 0 0:t>^X hD-A0[)^2<Dp -S i OF 
Kl Oa^Jf^RSUyto CC-CS2(0p-S i OFKl 0 
3t3:4. 0 X 1 0" a t oms/c c*JScD7 -^^rSS 
-ecDT^CD^lCDp-S iOFiil 0 2«. S 
10P-S i OF®ct:0fe]KlM. QxO^atoms 

^XvS i OF/S i O, ai«Jg«. ai^-CfiXfil/fc 

*>cJ:C^ ^OikCMPim^. ^2Op-Si0FK<D 
^J&ai -(b) ©J;5(Cj^4 0 0 0;l*>y;<hn-A 
W^-rS. C<D®2<D7'7XvS i 0FCD7 v^iigg-C 

(iesa L ft I ^sr * -5 c i «s ^ (D^sitc <t 9 $ n 

Xv^>^trmcJ:^C, F, . CO. Ar:^f;^?r 

O F C3[> 2 Jill(D^7L?:tf ft o fc, 
[0 04 3] $eCCv^'yr^<i:LrT i N?fJ^f*>^^> 

5^^^-^^4:tftK t:T^5?JH 0 4C0Jf^^?:tfft'7:feo 
[0 04 4] -e<D?^. m2<D^^?;H0 5. /c<h;ii3:A 
ICu-T i N©ai^XA-y 5?^&tfl^ ^ti^y t hU 

s;^:?^ ^K:<^;l5>'^*^^-->^^5r^ffto/Co cn^riiii/c 

t3:ai&[Hl^»9iif CiCC<fcO^JiOgBi^?:Sl - (c) 

[0 04 5 ] W±<D7^p-fe;^7P-r. ^^JUiras^s 

[0046] 3eCcS2<D^«?atCOliTSM2*:#M 

Fmommt^^ o^^ji^ip-si oFmto^m^ffi 

Mi^^m^"^. ^if;l/«bp-S i 0FCDSiS3&^eCoTb 
$ 5 ft f(D i # li^XtCij^-r m 2 (D^M«:<£fflr S i <t 

[0047] 02 - (a) tC^-Ti^tC, ©KD^^^iU 
2 0 l±CC>^'«-/7XECR-CVDffiCC'C. SlOp- 
SiO, ®2 02. Sl(Dp-S iOFM2 0 3. 112 
<Dp-S i OFmZO A^^tl^tlfct^^m^ 1 0 0 
Ot>ify^hn-A. 40 003f>^/XhD-A, 10 
000:**>^^;<hO - A^g?:tTft /c. 

[0048]®2C[)p-S iOF]i2 0 4(D:7t^^g 
tt4. 0 X 1 0"a t om s/c c^SICD^ffl-CftO. 
-eOT^C^m ©P - S i OFmZ 0 3CD7 c^^iSgtJ 
4. OX 1 0'*a t oms/c ctU:CDa5»^:':7x/^- 



(5) 1 0-56 00 9 

8 

[0 04 9 ] ^(D^kCMPHmimZCD'fvX'^S i O 

Fe2 0 Ao^im^m 0 0 0 :t>yx > d^-aw® 

^tffto/Co Ca)»2c^^^X-7S i 0FliCD7 '>^?§ 

[0 050] -e(D±tcm2(Dp -S i O, 112 0 
$iKl2 0 OOty^T. hD-A/?XSS-l^/c (02 - 
(b))o 

10 [0 05 1 ] -€-CDt^. v*WJ>P.V^mib. B'&b 
IfBJfetCiOC, F, . CO. kTil7.i:^bfc-7>f 
^hD>R I Ex-^^>tycc<fcP). S i O, /S i OF 
21/5 iO, oaJi]gCDgg?L;&tf^o $6^^1<DJI 
TiNJgfiSg>^7>>5^hW-CyD?:?gfiE 
xv^^^'-7^'?^m^ t^T^ 5f;l'2 0 6 ^Ji^fiKU 

[0 0 5 2] ^O'ik. ^2CD^^;b2 0 7. /ci^«A 
1 Cu-T i NOa^X^'S^f ^^tfC^^n?:^^- h Ui^ 
x^«:J:0^^'^-:^>;^^^ffto/c. cn^lH^/c^ 

20 mmmmct^^K^^mmu^m2' {cXDi. 

[0 05 3] W±J&5®2|liiWr*^;:^s. ^1. ^2^ 
tet^^SriiU. ^1<D-^^;U. l^2(Dp^^r;l/tJ. AlCu 
-T i N^7)a^X>'^'•:;^r^ffifflL/rCi^*^. A I --CD^ 
M!^tbX\t. Cu(Dti3&\ Si. Pd. Ti-C4>i: 
IV $/cA 1 'Cft< <h*>. Cu. A&'Cfc.iiCv 

Cr. Si-CfcJ:CV $/ct^T>^ 5?;l/<!: Ur . W-CV 
D/T i N?:i^flaOTli'2>;&^ trrcDW(Df^t>>9 ^ A 

30 g. Cu. Air*><i:cv $/c. rp<d7iU<!:L/r 

T i , T i W. Si. C r CD#Ji^/d3:*©2Sa 
«±OJfl^^toitr4)<ttrV $?>^P-S i OF0?:S3 
3§-r-5:^/:^««. S i H« +0, +Ar+CF4 . Si 
H. +Oi+Ar+C, F5 . SiH, +0, +Ar + 
NF, . SiF4+0, +Ar. S i F. +SiH4 + 
O, +Ar. TEOS+0, +Ar+CF4 . TEOS 
+ 0, +Ar+C, F, , TEOS + O, +Ar+NF 
, . TEFS (7nahyxh=^^f^ix^>: OTITIS) 
+ 0, +Ar. TEFS+SiH* +0, +Ar. TE 
40 OS + SiF, +A r +0, <D^i^C>m3J>^S/cliC<0 
cf3<l:»3A r^rftl^/cfcO-r^i^tCv a^[Sl±CD/cfeA 
rCDf^0K:XetCb"C4>a< . t^tcimBtlMB^ 

F. +A r +0, . 2ia?:S IF. +S i H. +A r 
+ 0, *ffll^rfc^$*:>ftlv 
[0054] 3S5rcp-S i OFJJ, 13. 56MH2<0 
}aig?^4:fflt^/cW^fiCDCVD& 13. 5 6MHz 

40 0KH2CD2S*ig^:fflC>/c^tT¥SOCVD 
ft. 2. AbQHzO^m^t. 13. 56MHzCO>'< 
50 ^r>^^fiEfflL//c/WT;^ECR-CVDft. 2. 4 5 



(6) 



GHz. 13. 56MHz(OI CP-CVDa^--'Jn 

CR-CVDS. ICP-CVDffi-t>--';3>CVDft 

[005 5] 3 6CCCMPt^©S i OFM<OKS?:^:^ 
K:^c< •r/c2?)CMPt*&C3 0 0- 4 5 0'CCDl^jE!ia?riE 

H:, .'N'+^x-Aiti. Air. He©^*i^Ci-fn*^l-:> 

[005 6] S/cS i O, -^S i OFmM^mMmi:^ 10 
-r /c«?)fflg±^5£ L fci)\ CMP 2 (D S i O F 

[0 05 7 ] S/cII2CDp-S i OFjg^^ 
4. OX 1 0"a t oms/c c?S*JiScOiSSiL/. -?-<D 

ICDP-S i 0Flifc:?!^^ga;5iU. 0xi0"at 
0 m s / c c a±<Ot C 6f)^0:cJ^''±mv}ittj: < <b 

$/c. m2<Dp-S iOF]g?r:?c'^lga4. OxiO 
CDp-S i OF03&^±g|5^4Sn€>«iiCcK>3^n«± 

[0 05 8 ] ^^m<o'jmv\tm 1 ^^^tfs/ y 
aiymimottmmm^ts. 3tiT. j!fisb<«3. 2 

*/cm2(D7 5;^^&^t^i/y=3>^{bJacDJ:t^m$, 
1^3. S^m^. SfSU<«3. 4W±r*0. ^(D± 
K»4. K ffSU<«3. 9r*^, 30 

[ 0 0 5 9 ] s/c. 1 (DV vm^^ 

ts^y V ::i>mt^<Oy vmiS&^tA . OX l O'^a t o 
ms/c ctU:"C*0. fiF$l/<tilt6. OxiO"a 
t oms/c c«±'C*0. ^^D±Elil . 0X10" 
a t oms/c c. {i?SL<^J8. OxiO"atom 
s/c c'C^)^. 
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Wakabayashi Tadashi 
(57) [Abstract] 

[Problems to be Solved by the Invention] 

In multilayer metallization structure case of trend to high 
integration increase prevention of interlayer film, capacity 
increase prevention and via resistance 

[Means to Solve the Problems] 

semiconductor device of this invention and manufacturing 
method of semiconductor device step, which forms fluorine 
containing plasma oxide film 102 of first high fluorine 
concentration in semiconductor substrate surface where first 
metal wiring 101 was formed continuously includes step 
which forms step, second metal wiring 105 which forms metal 
104 in the open hole of step, which administers step, 
chemomechanical polishing which forms fluorine containing 
plasma oxide film 103 which does not have moisture 
resistance of second low fluorine concentration to only second 
fluorine containing plasma oxide film and one time or this 
repeating feature does Due to especially, interlayer film 
capacity can do increase prevention of increase prevention 
and the via resistance even with trend to high integration . 
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Claims 



[11**2] 

vUnvK^bmtMiem 2 (D7^>*$^t;v'J=] 
>K1bm±i::ffm$*ifcm 2 cDv'Ju^i 



B5fBm 1 cD7^v«^^t?v'J=i>K1bmoit^ 

So 



m^m 1 (07>:/m^^t;v'J=i>K<bKa):7*v^ 

;"gS)!)< 4xl0'*atoms/cc Wi±X'&i>Zt^^mt 

6] 

Hfltsm2a)7'*:/^$^t;v'Ja>K<bM<D>v^ 



[CIaim(s)] 
[Claim 1] 

It was formed on silicon oxide film which includes silicon 
oxide film and theaforementioned first fluorine which include 
metallization of plural which wasformed on semiconductor 
substrate and first fluorine which buries between metallization 
ofaforementioned plural and semiconductor device . which 
designates that itpossesses silicon oxide film which includes 
fluorine where surface was done,planarization does not have 
second moisture absorption as feature 

[Claim 2] 

It was formed on silicon oxide film which includes silicon 
oxide film and theaforementioned first fluorine which include 
metallization of plural which wasformed on semiconductor 
substrate and first silicon oxide film which was formed on 
theaforementioned metallization and first fluorine which was 
formed on theaforementioned first silicon oxide film and 
surface was done planarization , semiconductor device . 
which designates that it possesses second silicon oxide film 
which wasformed on silicon oxide film which includes silicon 
oxide film and aforementioned second fluorine which include 
fluorine without having second moisture absorption as feature 

[Claim 3] 

semiconductor device . which is stated in each of Claim 1 or 
Claim 2 which designates that dielectric constant of silicon 
oxide film which includes aforementioned first fluorine is 3.3 
or less as feature 

[Claim 4] 

semiconductor device . which is stated in each of Claim 1 or 
Claim 2 which designates that dielectric constant of silicon 
oxide film which includes aforementioned second fluorine 
exceeds3.3 as feature 

[Claims] 

semiconductor device . which is stated in each of Claim 1 or 
Claim 2 which designates that fluorine concentration of 
silicon oxide film which includes aforementioned first 
fluorine is 4 xl0<sup>21</sup>atoms /cc or larger as feature 

[Claim 6] 

semiconductor device , which is stated in each of Claim 1 or 
Claim 2 which designates that fluorine concentration of 
silicon oxide film which includes aforementioned second 
fluorine isunder 4 xl0<sup>21</sup>atoms /cc as feature 

[Claim?] 

Doing chemomechanical polishing in only surface of silicon 
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^ffiib-r-Sxflirm 2 (Dv'Jr3>K1b^£ff^)S 
t-&xfSi:^#t;C<t^t$Mt^^^«(*SS 



[If 9] 

mzm 1 (D vu=i:>K^b^&i;. m 2 o v'j=i> 

K<b^A<^^XTv'jz3>K^b^-efc^ct^!^ 
[it*« 10] 

tumm 1 (D:7^>s^^t;vU3>Kibaii:m 2 

(7)3'^:;^^#tvUi3>K1bll^<]iS£Mlcj[$j$ 
$tLfc^SJt::^7XTv'j=i>K1bK-c?&«>ci: 

Specification 

[000 U 

[^0-B<Dg-r^ftffi5>if] 



oxide film which includes the step, aforementioned second 
fluorine which forms silicon oxide film which includes the 
fluorine which does not have step, second moisture absorption 
which forms silicon oxide film whichincludes step, first 
fluorine which forms metallization on semiconductor 
substrate planarization the manufacturing method . of 
semiconductor device which designates that step which is 
done isincluded as feature 

[Claim 8] 

Doing chemomechanical polishing in only surface of silicon 
oxide film which includes the step, aforementioned second 
fluorine which forms silicon oxide film which includes the 
fluorine which does not have step, second moisture absorption 
which forms silicon oxide film whichincludes step, first 
fluorine which forms step, first silicon oxide film which forms 
metallization on the semiconductor substrate planarization 
manufacturing method . of semiconductor device which 
designates that step which forms step and second silicon 
oxide film which are done is included asfeature 

[Claim 9] 

manufacturing method . of semiconductor device which is 
stated in each of Claim 7 or 8 whichdesignates that 
aforementioned first silicon oxide film and second silicon 
oxide film are plasma silicon oxide film as feature 

[Claim 10] 

manufacturing method . of semiconductor device which is 
stated in each of Claim 7 or 8 whichdesignates that silicon 
oxide film which includes aforementioned first fluorine and 
silicon oxide film which includes second fluorine are high 
density plasma silicon oxide film as feature 

[Claim 11] 

manufacturing method . of semiconductor device which is 
stated in each of Claim 7 or 8 whichdesignates that it is a high 
density plasma silicon oxide film where silicon oxide film 
which includes theaforementioned first fluorine and silicon 
oxide film which includes second fluorine wereformed to 
continuous as feature 



[Description of the Invention] 
[00011 

[Technological Field of Invention] 

this invention regards manufacturing method of 
semiconductor device and semiconductor device , 
furthermoredetails regard semiconductor device and its 
manufacturing method which possess insulating film and the 
interlayer insulating film . 
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[0002] 



[0003] 

It. tt*^^fflLrl^fc:^^XT cvd aicj:«»v 
^j^iymitmatm^mm 4.3)()UT.p-si02 k 

(tbBim* 2.S^3)(\ikT p-SiOF 



[0004] 

p-SiOFMIi:7^v*ilJt^iS<LTl^<i:^Sl^tb^ 

(Jilgm*3.3fIS)o 
[0005] 

SSDMpl57 [ctSS$tiri^^>o 
[0006] 

[0007] 

^tz¥^U7^tLxz(D p-siOF m^&.mt^m 
icomow-iBitimmxh^}. "to p-siop 
m^^w-mitt^yj^tLxit^i^^mmmm 

(WT CMP tPf.bO^ffll^^iiBtllSi^SttcDFa^ 

SA^HjSTfcy.^co^s CMP ^mmt^m 



[0002] 
[Prior Art] 

Recently, as for semiconductor integrated circuitry , 
narrowing is advanced, with multilayer metallization 
inespecially logic circuitry , tendency sees remarkably and is 
received. 

When metal interval of multilayer metallization becomes 
fine , that interwire capacitance which isadjacent becomes 
large and decrease of speed of electrical signal iscaused 
and/or crosstalk (Other signal phenomenon which produces 
effect as noise ) occurs. 

[0003] 

To low dielectric constant of insulating film between metal 
layer there is a method whichis converted as one of 
countermeasure which prevents that, with the plasma CVD 
method which recently, has been used until recently 
conversion to the fluorine containing plasma silicon oxide 
film (dielectric constant 2.8-4.3 ) (Below p- SiOF film you 
call ) is observed from silicon oxide film (dielectric constant 
approximately 4. 3) (Below, p- SiO<sub>2</sub> film you 
call). 

[0004] 

When fluorine concentration is made high, to low dielectric 
constant it can convert the p- SiOF film , but vvhen 
excessively fluorine concentration is made high, there is a 
deficiency that moisture resistance deteriorates. 

Because of that with fluorine concentration of level where 
moisture resistance does notdeteriorate, dielectric constant 
that much it does not decrease (dielectric constant 3.3extent ). 

[0005] 

There is a method that is proposed to for example *95 SSDM 
pl57 designates plasma itself inorder to solve deficiency as 
high density . 

[0006] 

But, with this method fluorine concentration from former 
method can be designatedas high concentration , but when it 
becomes a certain fluorine concentration or greater , because 
film deteriorates, dielectric constant could not decrease 
greatly . 

[0007] 

In addition when this p- SiOF film is used as device , 
planarization of the film did not obtain being necessary, when 
it uses chemomechanical polishing method (It calls below 
CMP ), as method which planarization does p- SiOF film 
problem of theaforementioned moisture resistance being 
difficulty , case you use CMP as aresult, furthermore does not 
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^1* . ^i\zmmm^±\i^i>mut^'otzo 

[0008] 

&,±mm Ltztto y . m^^x* cmp ^ p-siOF 



[0009] 

LA>L. m^)^^t<^^mMi&mu cmp ^fii 

[0010] 

p-SiOF ff^^1"^^T?feSo 

fct^(S*#P?fW 6-333919 iCfBW^tlTl^^cfcd 
icm 1 (D^^^l/ 301 Jf^jS^ ECR-CVD ifeT?. 
SiF4 A ,Ar (7) 3 OCD^'X^fiEfflL. itSm* 
3.0 CD7*>*;1J8[ 7x lO^'atoms/cc ^^xy\— ffi 
rtlCtO p-SiOF H 302 ^Jf^f$-rSo 



CCDffi^¥±e<t;(D^::tf)(C CMP ^fr^tK*^* 



[0011] 

^CO$£^*<ilt^tcA^).F i: H2O A<S/£Lr HF 
CC-eii. >V^SJt^ LOxlO^'atoms/cc fiJt 



[0012] 

CMP t?CDfflS(D^lzltM(i[a 3-(b)<D<fc5l3^i: 

7^>^^aWlCcJ:y C4 Fs .C0.Ar:^*7.${Jffl 
Lfc7^/:M^P> RIE X<v^>yiCj;y|g?L^fT 

[0013] 

^ ^IC, TiN ff^/£^^5>T^Vh WCVD ^rrt'^X 
'V5^/^V^7i:L^337D-T*e7>$r;U303 a)f[^fi£^ 

^(r>%% 2 304 fctilf AlCu-TiN CD 

y,/^^r-->^f^t75o 



increase dielectric constant . 
[0008] 

As above explained, to presently as for using CMP with p- 
SiOFprocess there is actually a difficult state . 

[0009] 

But, to take, it presumes from publicly known example , two 
it explains the Working Example which uses CMP . 

[0010] 

Prior Art Example as shown in Figure 3 , is example which 
directly forms p- SiOF film on metal . 

As stated in for example Japan Unexamined Patent 
Publication Hei 6-333919, after first metal 301 forming with 
ECR -CVD method , 3 gas of SiF<sub>4<;/sub> , 
0<sub>2</sub> , Ar are used, p- SiOF film 302 which has 
fluorine concentration 7X 10<sup>21</sup>atoms /cc of 
dielectric constant 3.0 inside wafer surface is formed. 

When this film CMP is done because of planarization , film 
the absorbed moisture does water and dielectric constant 
becomes high. 

[0011] 

Furthermore when it is bad, when is, as for fluorine which 
entersinto large amount because connection is weak, F and 
H<sub>2</sub>0 reacting, HF occurs, corrosion of metal 
occurs, phenomenon where metal dissolves happens. 

Here, when fluorine concentration was lowered to 1.0 X 
1 0<sup>2 1 </sup>atoms /cc extent , be i ng attached, 
youexplain. 

[0012] 

After treatment with CMP film becomes like Figure 3 - (b ). 

And, photoresist application is done in film , photoresist 
patteming isdone with alignment exposure, open pore is done 
with magnetron RIE etching which uses C<sub>4</sub> 
F<sub>8</sub> , CO, Argas with etching technology . 

[0013] 

Furthermore, after TiN forming it does blanket WCVD and it 
forms the via metal 303 with flow , etchback . 

After that continual sputter of second metal 3 04 for example 
Al Cu -TiN is done, patteming is donethat with photoresist . 
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C(D}gf*$ 1 [H]*/:li«lilHlJiy)i-rci:l=J: 
[0014] 

ZZX-mmUOilts p-SiOF ffifl)7>>^igg*<^I 
ffi<7) CMP 5tta-C*^A<?a;lLTL* 

[0015] 

*f=?»J<D<5!lli p-SiOF a(0±TlC SiOj BS$«5 

7-9372 -CliTEOS ^(Th5Xh+v:J-;U 
VvU^-l-:iUTIll»)-CSiiLfc SiOF ^A<ta 

ia 4 {z^cDya—m^Tjkiro 

[0016] 

m 1 ro^^'^U 401 ff^lS^. m 1 O p-Si02 M 402 
^J^fiEL, 'f:(D'^Z?-MJkii7.^'M-^Ltz TEOS 

(p-siOF m 403)^mmL. to'^^tzm 2 o 
p-siOz m 404 ^^f^fiE-r•5:^j^**^iS^^^TL^ 

[0017] 

cc-cii.:^^XT,SiOF BS(i.S;S1±(i^fi] 
?ti:.S5SJt:^^X"7 CVD ;£T*A^0.7^^XT 
Si02 CVD mtLtzo 



[0018] 

CVD imi^xi^tztK z.zx^\tmmm^M^fS. 

^^X^ CVD jiT'tTofcCt^SSLT^^o 
[0019] 

C C It SiOF Ka):7'>^jSJt^ 7x 
10^'atoms/cc Tfe-So 

m I C^^^.'t' 401 »^g:^7Xv CVD 

J£T'. SiOi /SiOF/SiOz (7)3li^iafi^tT5t. 0 
4(a)*fcli(a)' \:ii?it^bmmtf^h. 

CC-eS 4-(a)lC5^-rct9lc4'raiiCD p-SiOF S 
403 A<If l^li^li CMP jiiaa^frofc^lia 
4-(b)(7) cfcdic p-SiOF BI 403 diL I C^CoT 



By one time or multiple times repeating this operation like 
Figure 3 - (c ) multilayer metallization isformed. 

[0014] 

When as for being a problem here, when fluorine 
concentration of p- SiOF film is high,film absorbed moisture 
does in CMP treatment of film , in addition fluorine 
concentration of film is low, it means that dielectric constant 
becomes high. 

[0015] 

In addition it is an example where following example holds 
down moisture absorption of p- SiOF film by putting between 
SiO<sub>2</sub> film to top and bottom of p- SiOF film , is 
packed. 

Because with Japan Examined Patent Publication Hei 7-9372 
SiOF film which is produced with TEOS (Similarity below 
tetra ethoxy orthosilicate : )is stated, using that, you explain. 

flow diagram is shown in Figure 4 . 

[0016] 

After first metal 401 forming, first p- SiO<sub>2</sub> film 
402 is formed, SiO<sub>2</sub> film (p- SiOF film 403 ) of 
fluorine containing isformed after that making use of starting 
material of TEOS type whichmixes fluorine type gas , after 
that and method which forms second p- SiO<sub>2</sub> 
film 404 isproposed. 

[0017] 

Here, as for plasma SiOF film , in moisture resistance it made 
and, plasma SiO<sub>2</sub> film high density plasma CVD 
method with the beneficial , high density plasma CVD 
method . 

[0018] 

this method , with Prior Art Example parallel flat plate type 
plasma CVD was used, but here it triessupposing that 
laminated film was done with high density plasma CVD 
method . 

[0019] 

Here fluorine concentration of SiOF film they are 7 X 
10<sup>21</sup>atoms /cc . 

After first metal 401 forming, when with high density plasma 
CVD method , it grows SiO<sub>2</sub> 
/SiOF/SiO<sub>2</sub> continually. Figure 4 (a ) or (a ) it 
becomes kind of shape whichis shown. 

As here shown in Figure 4 - (a ), when p- SiOF film 403 of 
intermediate layer is thick,after it treated CMP method , like 
Figure 4 - (b ) p- SiOF film 403 becomes bare . 
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Mz p-SiOF p-Si02 mT-9->hV^V^«ii 
^LfccDIc.p-SiOF M 403 A<t;^tiiL(c^i:^(D 
CMP fflST*ffi?!)<7K^ iKt^iiAyT'L*5o 



[0020] 

±ti(D^5\zUitj:l^tzlsb\zm 4-(a)'a)cfe 
51^ p-SiOF M 403 i»<LX. mid) Si02 S 
404 ^IKLfcH^li.CMP jaS^.S 4-(by 
CDcfcaic p-SiOF m 403 lit;ta3L(clt3S:b3t*: 

L*>LC^x-C(±v m^t^:^^)\^mm\Z^ p-Si02 
[0021] 

4(c)^(c)'CDJ:dlC^lliE^;fi< 

[0022] 

0 5 (Zli;S^Jt3^5XV CVD ^ffll^/rli^(D 
XT CVD Sffll^fcli^CD:7^>*$^trv'Jl3> 

to 

(1995 ^#^f*»W[5]Kv>^v';7 A^^mm 
fttUim*. K;att«l:CDtif6](7)-0i]^ ^-r^iO) 



[0023] 

% 1 OpaiSiaii. SlSwy 1,2 c^j^Sitg^^cT) 
p-SiOF CMP «as^*v4i:.lgm$*<^< 



As a result, although in order originally to prevent absorbed 
moisture of the p- SiOF film p- SiOF film was designated as 
sandwich structure with p- SiO<sub>2</sub> film , because 
p- SiOF film 403 becomes bare , film sucks water in CMP 
treatment. 

As a result dielectric constant of film is increased. 
[0020] 

In addition, because it does not become as description above 
Figure 4 - (a ) ' way making p- SiOF film 403 thin, when it 
makes second SiO<sub>2</sub> film 404 thick,after CMP 
treating, Figure 4 - (b ) ' way p- SiOF film 403 does not 
become bare . 

But with this, p- SiO<sub>2</sub> membrane enters also 
between metal layer which isadjacent and disadvantage that 
occurs dielectric constant rises. 

[0021] 

After that as for similar via formation *via metal formation 
♦second metal formation to above-nientioned Working 
Example 1 and continuation and the shape respective Figure 4 
(c ) and (c ) ' way multilayer metallization is formed. 

[0022] 

In Figure 5 relationship between fluorine content and 
dielectric constant in silicon oxide film which includes 
fluorine when high density plasma CVD is used, in 
additionrelationship between fluorine content and moisture 
absorption in silicon oxide film whichincludes fluorine when 
high density plasma CVD is used is ishown in Figure 6 . 

(1995 semiconductor integrated circuitry symposium abstracts 
4th 5page ) As for these figures being something which shows 
one example of the tendency of fluorine content and dielectric 
constant , moisture absorption of silicon oxide film , fluorine 
content there aretimes when numerical value differs 
somewhat and depending upon device those which show same 
ratio they do not limit these property , but itis something 
which shows tendency which fluorine content of silicon oxide 
film has aninfluence on dielectric constant , moisture 
absorption . 

[0023] 

As for fifsl problem , when also Working Example 1, 2 is 
treated p- SiOF film of low dielectric constant CMP , 
dielectric constant becomes high, or becomes via fault . 

Furthermore metal corrosion occurs. 

As for reason, as for p- SiOF of low dielectric constant , when 
it isexposed to water, absorbed moisture it does and dielectric 
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[0024] 

^^Ujrl^cfcdlC. Si02 /SiOF/Si02 W^O^Nl 

<D p-siOF m'^M<t^t^^)i^mfii(Dmmmt^ 
^(Dsai*. -j^^^nr^ii^iSA^ p-si02 (DSi 

[0025] 

[S£B^CD®^-r-^t^ii] 

}SJjtcDii}ial»±^cDfifl1tfS]±$aWi:Lr 

[0026] 
[0027] 

(1) 4^»i*Sffi±lcJf$j$$Hfr«^(DiE^t. 

m 2 a)K;g^±o^i:L^:7*vm$^t^v'Ja>K^b 



[0028] 

(2) ¥^l*S«±I^ffM$*i/i«StcDiS@t. 

iimltam 1 c^v'J=i>^{bBI±!::ff^lS$*ifcm 
1 <D:7*y«^#t;vU=3>^1bKi:BtIlsm i 
*vm^^t;v'J=i>K1b^±i::J^iS$*iS®)!)^ 

t;vU=i>^1b^i:H5tEm 2 oyvm^^t^^y') 
z^ymtm±\zmfSL^*itz'l^ 2 CDv'j3>K^b 



constant rises, becomes via resistance fault . 

In addition water and fluorine which absorbed moisture are 
done react andcorrosion of metal occurs. 

[0024] 

As for second problem , as first problem does not occur with 
Working Example 2, when p- SiOF layer of intermediate of 
SiO<sub>2</sub> /SiOF/SiO<sub>2</sub> structure is made 
thin, dielectric constant between metal layer rises. 

Because as for reason, ratio of p- SiO<sub>2</sub> which is 
occupiedbetween metal layer becomes many. 

[0025] . 

[Problems to be Solved by the Invention] 

objective of this invention , in especially multilayer 
metallization structure of semiconductor integrated circuitry 
caseof trend to high integration increase prevention of 
interlayer film capacity (Actualization of permittivity 
reduction ) with, has designated increase prevention or other 
reliability improvement of via resistance as objective . 

[0026] 

[Means to Solve the Problems] 

inventor of this application did diligent investigation in order 
to achieve above-mentioned objective and arrived in this 
invention . 

Namely, this invention includes embodiment below. 
[0027] 

It was formed on silicon oxide film which includes silicon 
oxide film and theaforementioned first fluorine which include 
metallization of plural which wasformed on (1) 
semiconductor substrate and first fluorine which buries 
between metallization ofaforementioned plural and it is to 
offer semiconductor device which designatesthat it possesses 
silicon oxide film which includes fluorine where surface was 
done, planarization does not have second moisture absorption 
as feature. 

[0028] 

It was formed on silicon oxide film which includes silicon 
oxide film and theaforementioned first fluorine which include 
m.etalliz^tion of plural which wasformed on (2) 
semiconductor substrate and first silicon oxide film which 
was formed on theaforementioned metallization and first 
fluorine which was formed on theaforementioned first silicon 
oxide film and surface was done planarization , 
semiconductor device . which designates that it possesses 
second silicon oxide film which wasformed on silicon oxide 
film which includes silicon oxide film and aforementioned 
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[0029] 

(3) mtim 1 (Dz?vmi^t2i^'j^:ymtmo) 
itmmmt^ 3.3 &.Tv^iztmmtth(\) 

[0030] 

(4) mtim 2 (D:7^v*^^t;v'J=i>K1bK<D 

itmnmt< 3.3 ^m^i>ztiimtti>{m 

[0031] 

(5) mmm\(oy^M^tt:iy'}^:^mitm<Dy 

vmMS.f3< 4xl0''atoms/cc ]>Ji±Vhi>Zt^^ 
[0032] 

(6) mim2(Dyvm^^ij^i^'J^:>Mitm(Dy 

4xl0^'atonis/cc ^MVhi>Ztt:^ 

mtt^i\)^tz\t{2)a)t60)i^mim<o^mw 

[0033] 

(7) ^mw&^±\^^^^Mi&ti>Jimtsm 
itmiiimti>Jimt.mtim 2 oy^m^^ 



[0034] 

(8) ^mwmm±\zmmmmti>jimt.m 

ym^^t:iy'J^>MitmmmthJ:m. m 2 
^Dl»;ltt^D^i:l^7?^v*^#t;v'Jzl>^^bll^ 

S^b^cDSSCD^lc^b^MtUffiWS^tToT 
^iEib-r-axflirm 2 (7)i^'J=i>^{bm^J}^,iE 

■r'5xfst^#t;ct^^$^st•r^¥^^*gB 

[0035] 

(9) B^tSm 1 (Dv'Jn^K^b^Ri;. m 2 0) v'J 
=i>^<bmA<:^^XvvUzi>eibKrfc«»ci: 



second fluorine which include fluorine without having second 
moisture absorption as feature 

[0029] 

semiconductor device , which is stated in each of (1) or (2) 
which designatesthat dielectric constant of silicon oxide film 
which includes (3) aforementioned first fluorine is 3,3 or less 
as feature 

[0030] 

semiconductor device . which is stated in each of (1) or (2) 
which designatesthat dielectric constant of silicon oxide film 
which includes (4) aforementioned second fluorine exceeds 
3.3 as feature 

[0031] 

semiconductor device . which is stated in each of (1) or (2) 
which designatesthat fluorine concentration of silicon oxide 
film which includes (5) aforementioned first fluorine is 4 
xl0<sup>2l</sup>atoms /cc or larger as feature 

[0032] 

semiconductor device . which is stated in each of (I) or (2) 
which designatesthat fluorine concentration of silicon oxide 
film which includes (6) aforementioned second fluorine is 
under 4 x 1 0<sup>2 1 </sup>atoms /cc as feature 

[0033] 

Doing chemomechanical polishing in only surface of silicon 
oxide film which includes the step, aforementioned second 
fluorine which forms silicon oxide film which includes the 
fluorine which does not have step, second moisture absorption 
which forms silicon oxide film whichincludes step, first 
fluorine which forms metallization on (7) semiconductor 
substrate planarization the manufacturing method . of 
semiconductor device which designates that step which is 
done isincluded as feature 

[0034] 

Doing chemomechanical polishing in only surface of silicon 
oxide film which includes the step, aforementioned second 
fluorine which forms silicon oxide film which includes the 
fluorine which does not have step, second moisture absorption 
which forms silicon oxide film whichincludes step, first 
fluorine which forms step, first silicon oxide film which forms 
metallization on the(8) semiconductor substrate planarization 
manufacturing method . of semiconductor device which 
designates that the step which forms step and second silicon 
oxide film which are done is includedas feature 

[0035] 

manufacturing method . of semiconductor device which is 
stated in each of (7) or (8)which designates that (9) 
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[0036] 

(10) mim 1 (Dyvm^^i2iy'}^ymmR 

[0037] 

(11) tntem i o^^v*$^t;vua>s<bist 

[0038] 

^i\mti>Jimt. ib^Mtg«wg*m 2 0:7 

^vm^^^7Xvv'j=i>S1bBICD^l::ffi-rx 

[Eli^yii-rc<!:^4#ai:-rS(S l)o 

-^^^'MilCcfcoTli. *fc:^^Xv siOFK 



[0039] 

^XTv'J^i^KlbM^ff^iSL. fJlHm 1 <D 
p-SiOF fl^fiEL. m 2 O p-SiOF ^Jf^fiEL. t 

OS CMP m 2 (D p-siOF mcDwzmt 
nmt. ih{z^<D±Mm2(Dp'S\02imf&t 

m^mmtzt^^mtt^m 2% 

[0040] 



aforementioned first silicon oxide film and second silicon 
oxide film are plasma silicon oxide film as feature 

[0036] 

manufacturing method . of semiconductor device which is 
stated in each of (7) or (8)which designates that silicon oxide 
film which includes (10) aforementioned first fluorine and 
silicon oxide film which includes second fluorine are high 
density plasma silicon oxide film as feature 

[0037] 

manufacturing method . of semiconductor device which is 
stated in each of (7) or (8)which designates that it is a high 
density plasma silicon oxide film where silicon oxide film 
which includes the(l 1) aforementioned first fluorine and 
silicon oxide film which includes second fluorine wereformed 
to continuous as feature 

[0038] 

[Embodiment of the Invention] 

semiconductor device of this invention and manufacturing 
method of semiconductor device to form fluorine containing 
plasma silicon oxide film of first high fluorine concentration 
in semiconductor substrate surface where first metal wiring 
was formed,continuously including step which forms step, 
second metal wiring which forms the metal in open hole of 
step, which does open pore in step, desired position which 
administers step, chemomechanical polishing which forms 
fluorine containing plasma silicon oxide film of second low 
fluorine concentration to only second fluorine containing 
plasma silicon oxide film , It designates that one time or 
multiple times it repeats that as feature (Figure 1 ). 

In addition, [metaru ] kind jpl 1 depending, in addition 
adhesive adhesion in boundary it is with membrane types of 
[purazuma ] SiOF membraneand with, it is done that reaction 
happens. 

[0039] 

In that case, to form first plasma silicon oxide film after first 
metal metallization , to form theaforementioned first p- SiOF 
film , form second p- SiOF, after that step, whichadministers 
CN4P treatment to only second p- SiOF film fiirthermore 
including step which forms metal in step and open hole which 
do open pore in step, desired position which forms second p- 
SiO<sub>2</sub> and step which forms second metal wiring 
fi*om on that. It designates that one time or multiple times it 
repeats that as feature (Figure 2 ). 

[0040] 

As for this invention, in order to decrease interwire 
capacitance , with fluorine containing silicon oxide film 
where dielectric constant is at least smaller than silicon oxide 
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iiro-e. CMP ^fflL^T¥a<bLTtKaicJ;S 



[0041] 
[0042] 

-So 

m H2i)(D^o\z.% I (Dy^;u 101 ±.\zfUT7s 

ECR-CVD ?i (CTHS 5000 ^V^XhP— A(D 
m 1 (Dp-SiOF^ 102^ ff^fSL. $bl3ll$ 10000 
T^hP-ACOH 2 (D p-SiOF M 103 ^BWL 

CCTrIg 2 CD p-SiOF IS 103 l± 4.0 x 10^'atoms/cc 

p-SiOF K 102 \t^%\(D p-SiOF fficJ:yt^t^ 
4.0 X O^'atoms/cc '7'>^;1g^ ^x/\— ffip^lC 

ZOZf'^X^ SiOF/Si02 «imitIi.aiSc-CJig 
CVD ;4;{)<ISSi^±(7)Pcgii;&<feSi:Cti:i:7!i<fc 



^(DWt. CMP iaa^ . m 2 CO p-siOF moH^m 

l-(b)(DJ:5lC$?I 4000 ^>^f Xha-AWg-T 
com 2 CD:^5Xt SiOF <7):7^>^-iJt TMt ®;1 

L. X^v^^^^ftffifCcfel'J C4 Fs ,CO,Ar 
fflLfcV^7>hn> RIB JLv=^>^\Z^^) p-SiOF 
CO 2 imcDgafL^ff^f-pfco 

[0043] 

^blC/^UTltUr TiN ff$^a:?5>>7-vh 
WCVD .^iCcfcy . $i>yXx>^}{^fiEL. 



film at least between the metallization pad, furthermore, there 
is not a moisture absorption in top , butbecause fluorine 
containing silicon oxide film where dielectric constant is high 
is formed, planarization doingmaking use of CMP either 
increase of dielectric constant does not happenwith absorbed 
moisture . 

In addition when drawing up via step of postprocessing even, 
absorbed moisture with fluorine containing silicon oxide film 
of top layer does not occur for most part via resistance 
increase deficiency which is not. 

[0041] 

[Working Example(s)] 

Next referring to drawing concerning Working Example of 
this invention , youexplain in detail. 

[0042] 

Referring to Figure 1 , you explain first Working Example of 
this invention . 

Like Figure 1 - (a ) on first metal 101 first p- SiOF film 102 
of thickness SOOOAngstrom was formed with bias ECR -CVD 
method , furthermore second p- SiOF film 103 of thickness 
lOOOOAngstrom was formed. 

Here as for second p- SiOF film 1 03 with fluorine 
concentration under 4.0 X 10<sup>21</sup>atoms Ice , as for 
first p- SiOF film 102 of bottom layer , it had high 4.0 X 
0<sup>21</sup>atoms /cc fluorine concentration inside wafer 
surface in comparisonwith first p- SiOF film . 

As for this plasma SiOF/SiO<sub>2</sub> laminated 
structure , one which grew with continuation embedding 
property isbetter, but when high density plasma CVD method 
is a problem on working efficiency , when suchas is, it is 
possible to grow separately. 

After that CMP treatment, only second p- SiOF film is ground 
like Figure 1 - (b )approximateIy 4000 Angstrom . 

With fluorine concentration of this second plasma SiOF as for 
being a film which absorbed moisture isnot done it is verified 
by our experiment . 

After that, application it did photoresist in this film , exposed 
alignment , ,patteming did photoresist , it did open pore of 2 
layers film of p- SiOF with magnetron RIE etching which 
uses C<sub>4</sub> F<sub>8</sub> , CO, Argas with 
etching technology . 

[0043] 

Furthermore after TiN forming it formed tungsten with 
blanket WCVD methodas barrier layer , did etchback , formed 
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tZo 

[0044] 

^■CT)^. m 2 <D:^^)U 105. tzt^lt AlCu-TiN 
[0045] 

it^bfficDhti^m^ii 3.0. m 2 oy^m^'tt: 



[0046] 

^bcirn 2 cdh 

m 1 c7)^ffi0i]-e>^;u±iciES p-sioF m^r^ 
mLtzt<. /^ji(Dmmt> p-siof mossiiccfc 

p-SiOF BStCD^«t±;b<St^li^-V5. 
^^i^Ut p-SiOF (DKmt^&Z^XL^'it^iiCDt 

[0047] 

m 2-(a)l^:^-^<fc5lC. S 1 <0>^;U 201 ±(C/^ 
^TT. ECR-CVD aiCT.m 1 O p-SiOi M 
202. m 1 <D p-SiOF M 203. m 2 CO p-SiOF K 
204 ^-tti^^^ltritS-liH* 1000 -t^^T^V-U 

-A. 4000 yj->^fxhP-A. 10000 t:y^7^V 

[0048] 

^ 2 CD p-SiOF m 204 C7):7'>»aJt(t 4.0 x 
10^'atoms/cc ^iUCDtBHTfey . (7)TlCDa 
1 CD p-SiOF M 203 OZ?vn^^\t 4.0 x 
10^'atoms/cc ia±CDaJ5J^'i7xM— fflP^CD 1 SH 

[0049] 

-f-CD^ CMP ffiS^^ 2 CD3^^X-7 SiOF ^ 204 
C0^$I1$$?) 4000 :j->^f 7.h□-APg^^7^£ 

Ofco 

ccDm 2 cd:^^Xv SiOF llcD:7*>*-gjtT*ii ea 
?lUd:l^flT*fc^)Ci:l±S/7CDjtgJ(rcfey{S^ 



via metal 104. 



[0044] 

After that, continual sputter of second metal 105, for example 
Al Cu -TiN was done, patterning wasdone that with 
photoresist , 

metallization of multilayer like Figure 1 - (c ) was formed by 
one time or multiple times repeating this. 

[0045] 

With process flow above, capacity between metal layer it 
could make small,at same time planarization of film was 
possible and multilayer metallization became possible. 

Furthermore as for dielectric constant of silicon oxide film 
which includes first fluorine with this working example 3.0, 
as for dielectric constant of silicon oxide film which includes 
the second fluorine 3.5 was. 

[0046] 

Furthermore referring to drawing 2 concerning second 
Working Example , you explainin detail. 

With first Working Example p- SiOF film was formed 
directly on metal , but the adhesion of metal and p- SiOF film 
is bad with types of metal and types of p- SiOF film when 
and, at time of or other wherereaction of metal and p- SiOF 
happens second Working Example which is shownriext 
should have been used. 

[0047] 

Way it shows in Figure 2 - (a ), for example on first metal 201 
with bias ECR -CVD method ,first p- SiO<sub>2</sub> film 
202, first p- SiOF film 203, second p- SiOF film 204 each one 
it grew thickness lOOOAngstrom , 4000 Angstrom , 
lOOOOAngstrom. 

[0048] 

As for fluorine concentration of second p- SiOF film 204 in 
range under 4.0 X 10<sup>21</sup>atoms /cc , as for the 
fluorine concentration of first p- SiOF film 203 of bottom 
layer it had portion of 4.0 X 1 0<sup>21</sup>atoms /cc or 
larger in 1 part or all inside wafer surface . 

[0049] 

After that CMP treatment only second plasma SiOF film 204 
did thickness approximately 4000 Angstrom grinding. 



With fluorine concentration of this second plasma SiOF film 
as for being a film which absorbed moisture isnot done it is 
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[0050] 

^<D±\zm 2 CD p-SiO: K 205 ^ 2000 1 
>>f7.hD— AJiEfi^F1J:fc(S 2-(b))o 

[0051] 

RIE X7^>-:^l::cfey. Si02 /SiOF2 l/SiOj O 

W-CVD ^ff^lSL.X^v^/^>^^ffL\f7^^ 
JU 206 a^^Ltzo 

[0052] 

-tCO^s ^ 2 a)>^;U 207. fcir^lS AlCu-TiN 

cn^ 1 [E]*fcli«l5E[Hli^UJi1-c:i:(cj:y^ 
llBfa^H 2-(c)(D^5(i»^fiELfco 

[0053] 

j.u±A<m 2 mmmvhi>t<. m k m 2 uss^ii 

^iiL.m 1 <o/^)U.m 2 cD^^;Hi. 

AlCu-TiM C03Sc:^/^>^^<SfflLTl^?>A^ Al 

*fc Al tr>S<i:t. Cu,Ag -et J;L^o 

^blrSWR&ihffllc TiN ^fi^fflUri^SA^ 
Ti,TiW,Cr,Si t?t<J:t\ 

*fce7->«^^Ui:Lr. W-CVDATiN ^fiEfflLT 
L^S;5)<. t*7CD W <Drtt>^){Z Ag,Cu,Al rt* 

/N*'J7>^';Ui:LTId:.Ti,TiW,Si,Cr (D^ 

^Fbic p-siOF sia, +02 

+ArfCF4 ,SiH4 +02+Ar+-C2 F* ,SiH4 +O2 
+Ar4-NF3 ,SiF4-K)2 +Ar,SiF4 +SiH4 +O2 
+Ar,TE0S-K)2 +ArK:F4 ,TE0S+O2 +Ar+C2 
Ffi ,TE0S-K)2 +AH-NF3 ,TEFS(:7DDh'JXh+ 
vv5>:)JlT[^«)+02 +Ar,TEFS+SiH4 +O2 
+Ar,TE0S+SiF4 +Ar+02 (D5*)L^"f 
Z<D^M Ar ^ tSl^fctCDrt J:l^o 



verified by our experiment . 
[0050] 

Figure 2 - (b ). second p- SiO<sub>2</sub> film 205 
thickness approximately 2000 Angstrom it grew on that 

[0051] 

After that, photoresist is done application , open pore of 
laminated film of the SiO<sub>2</sub> /SiOF2 layers 
/SiO<sub>2</sub> is done with magnetron RIE etching 
which uses C<sub>4</sub> F<sub>8</sub> , CO, Argas with 
alignment exposure. 

Furthermore first Working Example similarity and after TiN 
forming [buranketo ] W-CVD wasformed, etchback was 
done, via metal 206 was ft)rmed. 

[0052] 

After that, continual sputter of second metal 207, for example 
Al Cu -TiN was done and that the patteming was done with 
photoresist . 

multilayer metallization like Figure 2 - (c ) was formed by 
one time or multiple times repeating this. 

[0053] 

Or more is second Working Example , but first metal , second 
metal has used continual sputter of Al Cu -TiN through first , 
second Working Example „ but other than Cu , it is goodeven 
with Si, Pd , Ti as additive to Al . 

In addition not being a Al also, it is good even with Cu , Ag . 

Furthermore TiN is used for one for anti-reflection , but it is 
goodeven with Ti, TiW, Cr , Si. 

In addition W-CVD /TiN is used as via metal „ but it is good 
in placeof W of via even with Ag , Cu , Al . 

In addition, it is good even with monolayer of Ti, TiW, Si, Cr 
orcombination of 2 kinds or more as barrier metal . 

Furthermore gas species which produces p- SiOF film 
SiH<sub>4</sub> -K)<sub>2</sub> +ArK:F<sub>4</sub> , 
SiH<sub>4</sub>-K)<sub>2<ysub>^-Ar+C<sub>2</sub> 
F<sub>6</sub> , SiH<sub>4</sub> +0<sub>2</sub> 
+Ar+NF<sub>3</sub> , SiF<sub>4</sub>+0<sub>2</sub> 
+Ar, SiF<sub>4</sub> +SiH<sub>4</sub> +0<sub>2</sub> 
+Ar, TEOS 40<sub>2</sub> +ArK:F<sub>4</sub> , TEOS 
+0<sub>2</sub> +ArK:<sub>2</sub> F<sub>6</sub> , 
TEOS +0<sub>2</sub> +Ar+NF<sub>3</sub> , TEFS 
(Similarity below fluoro triethoxysilane : ) +0<sub>2</sub> 
+Ar, TEFS+SiH<sub>4</sub> +0<sub>2</sub> +Ar, TEOS 
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mm^\^±(Dfzlsb At (Ditt>^)\Z Xe iCLTt 
m^ii. 1 SiF4 +Arf02 .2 SiF4 



[0054] 

*fcp-SiOF Its 13.56MH2(7)|g;^^S[^fflL^fc^ 
^l^ffiO CVD I3,56MH2 i:.400KH2 <D 2 
Ill;«$fflL^fr¥tT¥tSa) CVD a. 2.45GHz 0) 
SlgliKit. 13.56MHz (D/WTX^ffifflUr/U 
77. ECR-CVD 2.45GHz. 13.56MHz (D 
ICP-CVD CVD ;i (Dl^-r:^^3^i^05 

*) I -:)T*iT^A^ /WTA ECR-CVD 

ICP-CVD a-V>^U=3> CVD JiUcDig^jt::^^ 

X-7 CVD ;4 CD^*<<fcL^o 
[0055] 

CMP 'ikO SiOF BICDKS^^±l::^i:<-r 
fcrt CMP ^ir 300-450 deg C CDgftSaii^Jiljn 

ccDi[iS(?)^a)lliaaii.02 ,N2 ,H2,/^^3.- 

A*. Air,He (Doibl'^rM^ 1 0*fc(±fflS!tiiS 
[0056] 

*fc Si02 ^ SiOF MJ1^II]6605^ 5^-rfcto{I 
a±^SLtc;b^ CMP 2 CD SiOF <D^ 

[0057] 

2 O p-SiOF ®^^*>*;lJt 4.0 X 
10"atoms/cc ^JScDSJtirL. -?-(7)SbB*T->;; 
*;lJt^aofc#fllcLT^lc^:l^o 



*fcm 1 <D p-siOF 4.0 X 

10^'atoms/cc m±CDi:C57!)<';7x/\— i^Srii 

*fc.m 2 0) p-SiOF K^T^^SigJS 4.0X 
10^'atoms/cc *^tlS^Lyc;!)< CMP SQ^-Cm 2 
(D p-SiOF SIA<±SI5^.^^:K^^l^l^lSy^*l 



+SiF<sub>4</sub> +Ar+0<sub>2</sub> maybe something 
which pulled out Ar from inside any or in this . 

For embedding property improvement in place of Ar to Xe it 
is good,it is possible to replace gas species which in addition 
is used for the first layer and second layer . 

for example first layer making use of SiF<sub>4<;/sub> 
+SiH<sub>4</sub> +Ar+0<sub>2</sub> you are not 
concerned SiF<sub>4</sub> +Ar+0<sub>2</sub> , second 
layer . 

[0054J 

In addition it does p- SiOF, with CVD method , I3.56MHz of 
parallel flat plate which uses frequency of 1 3.56 MHz and 
high frequency of CVD method , 2.45GHz of parallel flat 
plate whichuses 2 cycles of 400 KHz and ICP -CVD method 
of bias ECR -CVD method , 2.45GHz , 13.56MHz which uses 
the bias of 13.56 MHz and inside one of any of helicon CVD 
method ,but bias ECR -CVD method , ICP -CVD method and 
helicon CVD method or other high density plasma CVD 
method are better. 

[0055] 

Furthermore in order to lose absorbed moisture of SiOF film 
after CMP completely, it is possible to add thermal processing 
of300- 450 deg C after CMP. 

Case of this treatment atmosphere , in 0<sub>2</sub> , 
N<sub>2</sub> , H<sub>2</sub>, vacuum , is good even 
withinside any one or a plurality combination of air , He. 

[0056] 

In addition SiO<sub>2</sub> and in order to show Working 
Example , on convention itset SiOF film thick, but in order 
only second SiOF to treat in CMP treatment, if it sets, it is 
good even with combination of film thickness which differs. 

[0057] 

In addition it designates second p- SiOF film as concentration 
under fluorine concentration 4.0X 1 0<sup>2 l</sup>atoms 
/cc , itis possible in range fluorine concentration to multilayer 
which is different. 

In addition first p- SiOF layer or fluorine concentration place 
of 4.0 X 10<sup>2I</sup>atoms /cc or larger withoutbeing 
wafer entire surface also, if 1 part it exists in wafer , because 
there is a merit of this invention , embGuimcnt a this way are 
included in therange of invention of this application . 

In addition, second p- SiOF film was limited under fluorine 
concentration 4.0X i0<sup>2l</sup>atoms /cc it can also use 
the film of fluorine concentration above that but second p- 
SiOF film all only region which is removed in CMP 
treatment 
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[0058] 

mtmoitmnrnt 3.3 kit. *? *l<i± 3.2 

So 

m$(i 3.3 ^®i.»*L<ii 3.4 i.u±r'fcy. 

^0±ISIt 4-K »*L<I± 3.9 T'&^o 
[0059] 

»J=i>K1bM(D:7'V^;lJt(* 4.0X lo''atoms/cc 
m±'^?fey. »*L<liit 6.0X lO^'atoms/cc ^ 
±-C?fey. ^C7>±[iB(i 1.0 X lO^^gjQ^/^.^.^ jjj^ 
L<(i 8.0 X lO^'atoms/cc "CfeSo 



[0060] 

iiJtli 4.0 X lO^'atoms/cc »*L<I± 2.0 

X lO^'atoms/cc ^^Tfey. -?-CDTISIi l.Ox 
10^°atoms/cc "Cfc-So 



[0061] 

Mitmoitmmmt 3.0. m 2 <7):7^y^^^t? 

v'J:3>^1bra(7)hb^tt*(i 3.5 Trfcofco 
[0062] 

^ bfc. ::f5>^^>h WCVD 1,2 TMix 

*>^/^>^^fToTi^/c*<>^;u CMP ^trorti 

W-CVD T?tToTt<fcl\ 
p-SiOF mO) CMP i:±fB>^;UCD CMP <D 

[0063] 

m 2 CDSIJfi<5iia) p-SiOF/p-SiOz (D«l(i 



[0064] 

[^Bjojas] 



[0058] 

With method of this invention as for dielectric constant of 
silicon oxide film whichincludes first fluorine with 3.3 or 
less , preferably 3.2 or less , as for lower limit 2.8, it is a 
preferably 2.9. 

In addition dielectric constant of silicon oxide film which 
includes second fluorine exceeds3.3, with preferably 3.4 or 
more , upper limit 4.1, is preferably 3.9. 

[0059] 

In addition, with method of this invention as for fluorine 
concentration of silicon oxide film which includes first 
fluorine with 4,0 X 10<sup>21</sup>atonis /cc or larger , 
with preferably Comparative Example 6 .OX 
I0<sup>2I</sup>atoms /cc or larger , as for the upper limit 
they are 1.0 X 10<sup>22</sup>atoms /cc , preferably 8.0X 
10<sup>21</sup>atoms /cc . 

[0060] 

In addition as for fluorine concentration of silicon oxide film 
which includes second fluorine under 4.0 X 
10<sup>21</sup>atoms /cc and under preferably 2.0X 
10<sup>21</sup>atoms /cc , as for lower limit they are I.O X 
1 0<sup>20</sup>atoms /cc . 

[0061] 

Furthermore as for dielectric constant of silicon oxide film 
which includes first fluorine with this working example 3.0, 
as for dielectric constant of silicon oxide film which includes 
the second fluorine 3.5 was. 

[0062] 

Furthermore, with Working Example 1, 2 after blanket 
WCVD etchback was done, but itis possible to do metal 
CMP. 

In addition it is possible to do with selective W-CVD . 

In addition in CMP of p- SiOF film and before CMP of 
theabove-mentioned metal for wettability improvement it is 
possible to do the 0<sub>2</sub> plasma . 

[0063] 

In addition, as for laminate of p- SiOF/p- SiO<sub>2<;/sub> 
of second Working Example for embedding property 
improvement in case of especially bias high densitj' plasma 
CVD method , one which is donewith continual growth is 
good. 

[0064] 

[Effects of the Invention] 

Effect of this invention is shown below. 
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[0065] 

m 1 (D^tlS(*.p-SiOF mt: CMP jSLSLTt 

p-siOF m i mm^^t^tzi^immmtai^^ 
"tcDmmit. p-siOF 2 iiuitu cmp 

S ic $ b ± l ^ 37 *v ^ ;1 g 4.0 X 

10''atoms/cc *ii^:LTL^^a)-ei^S^4A^fc4 



[0066] 

m2(D^iSl*.Si02/SiOF/Si02 tiiilCLTt^Jt 
^(7)Sft li. SiOF2 li/SiOz tSii^ ff^f^Lfc^ 

CMP ^^^lS$^Tl^^a)^ siOz ^jf^jSLri^^fc 

[liffia)ffi*>i310^] 
[HI] 

[112] 

[ma] 

[H4] 
[05] 

me] 

to 



[0065] 

first effect, CMP treating p- SiOF film , because it has p- 
SiOF film itself moisture resistance ,low dielectric constant 
can construct film between metal layer . 

Reason to designate p- SiOF layer as 2 layers or more , 
because top layer which is exposed to CMP treatment is 
designated as under fluorine concentration 4. OX 
I0<sup>21</sup>atoms /cc is because there is a moisture 
resistance , 

[0066] 

As for second effect, to SiO<sub>2</sub> 
/SiOF/SiO<sub>2</sub> structure capacity between 
relativelysmall metal layer is acquired. 

Because reason treats after forming SiOF2 layers 
/SiO<sub>2</sub> structure , CMP and afterthat forms 
SiO<sub>2</sub> entering into interlayer film between metal 
where SiO<sub>2</sub> layer of top layer has lined up into 
X direction, is because it is not. 

[Brief Explanation of the Drawing{s)] 

[Figure 1] 

process flow diagram . of first Working Example of this 
invention 

[Figure 2] 

process flow diagram , of second Working Example of this 
invention 

[Figure 3] 

process flow diagram . of conventional first Working 
Example 

[Figure 4] 

process flow diagram . of conventional second Working 
Example 

[Figures] 

fluorine content of fluorine containing silicon oxide film and 
figure which shows tendency of the dielectric constant , 

[Figure 6] 

fluorine content of fluorine containing silicon oxide film and 
figure which shows tendency of the moisture absorption . 

[Explanation of Symbols in Drawings] 

symbol which is used in Figure I -Figure 6 shows those 
below. 



101 



101 
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m 1 o^^)u 

102 

m 1 CD p-SiOF H 
103 

m2(D p-siOF ei 

104 
105 
201 

B 1 (7)-?«^Jl/ 
202 

m 1 (D p-Si02 K 
203 

m 1 CD p-SiOF M 
204 

m 2 (D p-SiOF H 
205 

B 2 CD p-Si02 m 
206 

207 

^2(D>^;U 
301 

^ 1 CD>^;i/ 
302 

p-SiOF ^ 
303 

304 

m2CD>5;u 

401 
^ 1 
402 

m 1 CD p-si02 m 



first metal 
102 

first SiOF film 
103 

second p- SiOF film 
104 

via metal 
105 

second metal 
201 

first metal 
202 

first p- Si02 film 
203 

first p- SiOF film 
204 

second p- SiOF film 
205 

second p- Si02 film 
206 

via metal 
207 

second metal 
301 

first metal 
302 

p- SiOF film 
303 

via metal 
304 

second metal 
401 

first metal 
402 

first p- Si02 film 
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403 

p- SiOF film 
404 

second p- Si02 film 
405 

via metal 
406 

second metal 
[Figure 1] 



[Figure 2] 
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[Figure 5] 
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[Figure 3] 
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